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A part of the Square Kilometre Array (SKA) will be constructed in the northern Karoo of South Africa on 
approximately 135 000 ha of land. This land is formerly privately owned rangelands (farms) that were 
purchased by the South African National Research Foundation (NRF), on which the South African Radio 
Astronomy Observatory, as part of the global SKA project, will erect the SKA infrastructure. Additionally, a 
long-term environmental research programme will be established to investigate various dryland ecosystem 
components at a landscape scale. Livestock has been removed from the farms, and the area is now 
managed by the South African National Parks (SANParks) as the Meerkat National Park. The land-use and 
land cover changes present an unprecedented opportunity to study ecosystem dynamics. The property 
will be established as an NRF science park, incorporating an SKA research platform for radio astronomy 
and an environmental research platform of the South African Environmental Observation Network, with 
additional environmental research conducted by SANParks and their collaborators. We briefly describe 
current knowledge of the area’s environment, and report on past and contemporary changes in this part 
of the Karoo. We present a conceptual model for the larger landscape which considers possible future 
land-use scenarios, the projected trajectories of change under these scenarios, and factors influencing 
these trajectories. These deliberations represent the foundation for future research in this landscape and 
the development of an environmental observation research platform in the Karoo at SKA. 

Significance:
• We summarise an extensive environmental baseline report on the SKA property and surrounding areas.

• Withdrawal of livestock and other changes – such as clearing of alien invasive plants, reduced predator 
control and reduction in water-point maintenance – are expected to bring about changes in ecological 
processes and plant and animal communities.

• We present a conceptual model of scenarios to test possible future trajectories as a first step towards an 
earth system science research platform in the NRF science park.

Introduction
Research sites that are owned by the state, and are secure and available for long-term environmental research, 
are few and far between. Such sites are disproportionately valuable1-4 and are essential to provide data over 
time, ‘linking biological patterns to environmental variability’4. In the drier parts of South Africa, such sites include 
Tierberg Karoo Research Centre (now Tierberg – Long-term Ecological Research) near Prince Albert5, Grootfontein 
Agricultural Development Institute6, Carnarvon Agricultural Research Station7,8, and the Kalahari Meerkat study site 
near Van Zylsrus for investigation of evolutionary biology in animals9. Long-term sites elsewhere in the world have, 
for example, been very useful in identifying vegetation changes over several decades10-12 and in providing data for 
overviews and modelling of desertification and changes in ecosystem function13.

An opportunity to promote and expand long-term research, particularly in the drylands of the Karoo, has arisen 
through the establishment of the Square Kilometre Array (SKA), which is planned to be the largest radio telescope 
array in the world.14,15 The core of the SKA, in the northern Nama-Karoo Biome (sensu lato)16, offers an area in 
which the unusual combination of big-science astronomy concerning the universe14,15 and earth system science 
concerning environmental changes on the ground17, creates an opportunity for research on local climate, land-use 
and rangeland management, and social studies on rural and small-village societies and economies across an area 
of a million hectares18-20. The South African Environmental Observation Network (SAEON) (www.saeon.ac.za) has 
been in discussion with the South African Radio Astronomy Observatory (SARAO), the implementing agency of the 
SKA in South Africa, from an early stage and has produced a number of reports on vegetation and animals21,22 in the 
area. Both SAEON and SARAO are National Research Infrastructure Platforms that reside within the South African 
National Research Foundation (NRF). The SAEON Arid Lands Node has a strong interest in long-term research 
sites, recognising that the value of long-term ecological research sites was constrained by the site-specificity 
of most studies, whereas drivers of change occurred beyond site boundaries.23 The SKA, therefore, presents an 
opportunity to monitor and investigate key variables over many years using a sampling design that incorporates 
replication and land-type representativity.23 This should improve the understanding of drivers of change across the 
arid lands in South Africa, what indicators describe the changes, what the baseline conditions of these indicators 
are, what changes are detected or predicted, where and why, and the implications of changes.24 

Approximately 135 000 ha of land has been acquired by the NRF, where the highest concentration of the SKA 
radio astronomy infrastructure will be placed. This land is located within an area declared, in terms of the 
Astronomy Geographic Advantage Act25, as the Karoo Central Astronomy Advantage Area. The NRF placed the 
SKA property, declared as the Meerkat National Park, under the protection of the South African National Parks 
(SANParks) in March 2020. Designating this property as an NRF science park, primarily for astronomy, enables 
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the SAEON Arid Lands Node to also establish a research platform for 
earth system sciences. Most of the Nama-Karoo is characterised by 
a repeated pattern of multi-year droughts7, punctuated by boom times 
when the productivity of plants escalates across terrestrial and aquatic 
ecosystems, driving population irruptions of aquatic and terrestrial 
animals. These boom–bust dynamics may be affected by temperature 
increases, with new extremes of heat26,27, and unusually long and 
intensive periods of drought28. The area is thus ideal for research into the 
dynamics of ecosystems in the Nama-Karoo.

Under SARAO management, livestock (predominantly sheep at stocking 
rates of 30–39 ha/Large Stock Unit) was removed, resulting in a marked 
reduction in stocking pressure from June 2019. Accompanying the SKA 
infrastructure development18,29 will be the removal of internal fencing, 
artificial water points and extensive stands of alien mesquite (Prosopis 
spp.) trees, and a gradual increase in wildlife numbers under the 
management of SANParks. Thus, the SKA and adjacent farmland are, in 
effect, a large-scale, long-term landscape-level experiment manipulating 
stocking rate, animal type, animal distribution and direct vegetation 
management. Resulting ecosystem re-organisation could include the 
gradual recovery of the system due to the release from livestock grazing 
and slow and returning wildlife or continuing ecosystem degradation due 
to increasing or sustained aridity.

Furthermore, past and current disturbances and the gradual natural or 
assisted rehabilitation of these areas could be investigated and inform 
restoration efforts that improve rangeland value in the region and on 
other drylands. Rehabilitation and/or restoration in dryland ecosystems 
is not well studied30, and such research is mostly located in temperate 
areas31. The SKA, therefore, represents an unparalleled opportunity to 

discern the relative contribution of directional climate change and land 
use on ecosystem structure, functioning and diversity of a semi-arid area 
at the landscape scale. The reduction of the stocking rate to a fraction 
of what it has been for the past several decades and the transformation 
of the predominant land use – from rotational grazing systems under 
domestic stock by commercial farming to one of a continuous grazing 
system for large-scale wildlife management by a conservation authority 
– provides a unique opportunity to study a system returning, gradually, 
to conditions before livestock impacted the region.

Here, we present a position paper that summarises the current state 
of knowledge of the biota of the SKA (Meerkat National Park). It is 
essentially an advertisement for the opportunities for research that are 
offered by the study area. We encourage discussion about the most 
important research problems to be tackled within the scope of these 
opportunities, and invite collaborators with an interest in setting up 
environmental research projects at the SKA, subject to the requirements 
of SARAO and SANParks.

Biogeophysical setting of the SKA environment
In South Africa, the core section of the SKA telescope is being developed 
in the Upper Karoo and Bushmanland region of the Northern Cape north 
of the Carnarvon Research Station between the villages of Brandvlei, 
Williston, Van Wyksvlei and Carnarvon and within the Nama-Karoo 
Biome (Figure 1). In planning to develop an environmental observation 
research platform, SAEON collated relevant information on the area in 
a comprehensive environmental baseline report21, summarised in this 
section.

KCAAA, Karoo Central Astronomy Advantage Area25

Figure 1: Vegetation units16 in the Square Kilometre Array (SKA) area. National Research Foundation property boundaries are indicated. The outer polygon is 
a 5–10 km buffer applied when mapping biophysical features of interest for comparing contrasting land uses. 

https://doi.org/10.17159/sajs.2021/10511


3 Volume 117| Number 11/12 
November/December 2021

Research Article
https://doi.org/10.17159/sajs.2021/10511

Climate
Most precipitation falls as rain, while hail, fog and snow are rarely 
recorded. Mean annual precipitation throughout the study area is less 
than 200 mm and increases with altitude from about 150 mm on the 
plains (960 m.a.s.l.) to 200 mm in the uplands (1100–1300 m.a.s.l.). 
Inter-annual variability in precipitation is high (CV = 44–60%). Above-
average precipitation occurred during the mid-1970s, and short 
intermittent droughts occurred from 1934 to 1995. Currently, the area 
is experiencing a lengthy drought.32 Rainfall cycles are apparent in the 
record at a period of 40–60 years33 and for shorter periods32. 

Mean monthly temperature minima of 15 °C and maxima of 35 °C occur 
between December and February (summer) and minima of 5 °C and 
maxima of 20 °C between June and August (winter); however, extremes of 
41 °C and -11 °C have been recorded in summer and winter, respectively. 
Mean humidity is below 50% for most of the year with a nadir in winter. 
Wind run peaks in the summer from November to February.34 Potential 
monthly evaporation is, on average, 16-fold of monthly precipitation; 
the summer rate is 7-fold the winter rate. Evaporation from an A-Pan at 
Brandvlei has a mean of 5.5 mm/day (range 1–14 mm) and 165 mm/
month with a mean annual evaporation (2002–2018) of 1992±82 mm. 

Standardised Precipitation Evapotranspiration Index (SPEI) uses both 
precipitation and evapotranspiration to quantify drought.28,35 The SPEI 
graph of the SKA area from January 1950 to August 2020 (Figure 2) 
shows the 12-month running mean compiled from SPEI-base data for 
30.25°S, 21.75°E.36 Drought indices below -2 signify severe drought. 
For the SKA area at the start of 2020, the index declined to -5, which 
is considered exceptionally extreme. Starting in 2014 and continuing 
until the end of the data set in August 2020, this drought is the longest 
and most intense recorded during the 70-year period of this record. 
Furthermore, a clear directional shift in SPEI is evident (Figure 2).

Topography, geology and soils
Dolerite and Ecca shale flat-topped mesas are scattered across the 
plains. Ephemeral pans or ‘vloere’ occur in depressions in the lowest 
parts of the landscape. Soils of the elevated areas are skeletal, deeper 
alluvial soils occur on the plains and depressions, and colluvial deposits 
are present on the foot slopes. The area between the hills is covered 
with pebbly alluvium and sand and underlain by thinly layered shale of 
the Tierberg Formation shales.37 The unconsolidated sand, silt and clay 
sediments are generally less than 2 m deep.37 Calcrete is widespread in 

the landscape and occasionally quaternary, reddish aeolian sand can 
be found.37

Hydrology
Hydrological features include an extensive network of ephemeral rivers, 
wetland depressions and overland drainage lines. Depressional wetlands 
occasionally hold shallow water over a large area after inundation. 
However, such events are rare, and most remain desiccated for many 
years or decades.21,38 The surface flow of Karoo ephemeral rivers 
depends on groundwater discharge following precipitation at higher 
elevations, although there are few perennial springs and seeps.39 The 
connection between the groundwater and surface water components 
remains poorly understood. The water table is generally shallow 
(12±5 m), and water quality is generally poor.21 

Evidence for climate change
Temperatures have risen throughout South Africa, with increases in 
warm extremes and decreases in cold spells being more substantial 
in the western regions.26 In the SKA area, Van Wyksvlei (1939–2009) 
showed trends towards warmer extremes. The percentage of days per 
year when the maximum temperature exceeded the 90th percentile of the 
1971–2000 base period increased at 2.26% per decade in the Northern 
Cape.26 Van Wyksvlei and three other stations in the western central part 
of the country were the only stations for which data indicated a significant 
increase in the absolute annual maximum. Mean and maximum daily 
temperatures increased in the Northern Cape between 1960 and 2010, 
mostly after 2000.27 There were no trends in annual or seasonal rainfall 
over this period, such that, even without a decline in rainfall, increased 
evapotranspiration resulting from higher temperatures was likely to have 
increased the frequency and severity of drought episodes, perhaps 
already evident in the region (Figure 2).28

Biotic components
The SKA falls within the Nama-Karoo Biome.16 Four Nama-Karoo 
vegetation units are represented, namely Western Upper Karoo, 
Upper Karoo Hardeveld and Northern Upper Karoo on the mountains 
and ridges, and Bushmanland Basin Shrubland on the lower altitude 
plains (Figure 1). Inland Azonal vegetation, comprising dry river beds 
and depressional wetlands collectively termed Bushmanland Vloere, 
intersperses and dissects these vegetation types.

Figure 2: Standardised Precipitation and Evaporation Index (SPEI) for the Van Wyksvlei area from January 1950 to August 2020.36
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The Milton et al.21 baseline study reviewed the formal and grey 
literature, and database entries on the fauna and flora recorded from 
Quarter Degree Square 3021, and, to a lesser extent, its adjacent areas 
(Supplementary tables 1 and 2). The number of species recorded 
included 78 mammal, 142 bird, 56 reptile and 9 amphibian species. 
The avifauna, reptiles, amphibians and a few invertebrate groups such 
as darkling and dung beetles, and aquatic invertebrates are relatively 
well documented. The distributions of small mammals and bats require 
further investigation. Most invertebrate groups are poorly collected, and 
no records were found for some (e.g. molluscs, millipedes). The 10 most 
speciose floral families are Aizoaceae, Amaranthaceae, Apocynaceae, 
Asteraceae, Fabaceae, Hyacinthaceae, Iridaceae, Malvaceae, Poaceae, 
and Scrophulariaceae. However, ephemeral components such as fungi, 
geophytes and short-lived herbs are incompletely documented. 

Conditions for conducting environmental 
research at SKA
Apart from two recently published vegetation studies on the SKA 
property22,40, the only other published ecological research from the 
vicinity are studies of vegetation from Carnarvon Research Station7,8 
and of invertebrates in nearby Bushmanland wetlands38,41,42. Most of 
the documentation of environmental conditions has been in government 
reports (e.g. Du Toit et al.33), or historical accounts by early travellers 
(e.g. Burchell43; Kirby44), or information extracted from early accounts 
(e.g. Skead et al.45; Boshoff et al.46). 

The SKA offers an unprecedented opportunity to study ecosystem 
re-organisation across a landscape following cessation of sustained 
livestock grazing. Vegetation management treatments such as 
disturbance, restoration (natural and assisted), and alien vegetation 
removal are present in the same landscape. The potential value of this 
effort is enhanced because the SKA area is representative of a large 
part of the arid western interior of South Africa – an area experiencing 
increasing temperature and water stresses (Figure 2).26 Findings can 
also help us understand natural drivers of change and how these impact 
social and economic elements in the region. State ownership of a large 
part of the study area should ensure uninterrupted long-term study and 
observation into the future that would contribute to the implementation 
of the Integrated Environmental Management Plan by the SARAO and the 
management of the Meerkat National Park by SANParks.29 

Conceptual model of the possible impacts of land-use 
change in the SKA region

Future land-use scenarios
The juxtaposition of the extensive livestock-free core area of the SKA 
with surrounding land still actively farmed with livestock allows testing of 
land-use scenarios at both small and large scales (Figure 3). Additionally, 
historical and recent disturbances have scarred the landscape, and 
the timespan or trajectory for recovery with or without intervention is 
unknown. Land degradation includes bush thickening by indigenous non-
forage shrubs (e.g. Rhigozum trichotomum) and invasion by alien trees 
(Prosopis spp.)21,22, which influence the landscape’s biotic and abiotic 
components. Investigating recovery processes under optimal conditions 
in terms of stocking rate would facilitate ecological restoration at SKA 
that can inform Environmental Impact Assessments elsewhere and 
environmental management regulations in general.

Future land-use scenarios for the SKA and adjacent area may include: 
(Figure 3, scenario A) exclusion of livestock grazing with the low numbers 
of wildlife remaining on the SKA and slowly increasing through natural 
processes, (B) re-introduction of wildlife onto the property thereby 
increasing wildlife numbers and diversity more rapidly than would have 
occurred naturally, (C) adjacent rangeland with livestock, i.e. the status 
quo for most of the Nama-Karoo region, (D) some areas subjected 
to overgrazing by livestock and/or wildlife, (E) historically disturbed 
areas resulting from ploughing, cropping or other agricultural practices 
which fail to recover without active intervention, (F) the condition of 
past disturbed areas improving with active intervention, (G) recently 
disturbed areas remaining in a poor state or retrogressing without active 

intervention, or (H) recently disturbed areas stabilising or improving after 
active intervention.

Predicted trajectories of change
We predict that the scenarios mentioned above will affect private land 
and/or the SKA property as follows. Firstly, within constraints of low 
rainfall, the removal of livestock allows for a slow (>20 to 40 years) 
increase in vegetation cover and decrease in bare soils, accompanied 
by gradual changes in biotic community composition (e.g. Milton and 
Hoffman47; Van Rooyen et al.48). Secondly, re-introducing wildlife after 
removing livestock will follow the first trajectory unless wildlife numbers 
escalate (e.g. Van Rooyen et al.48,49). The third possible trajectory results 
from continued livestock grazing under sustainable stocking rates, driven 
by natural environmental fluctuations, as for the recent past. The fourth 
pathway is associated with overgrazing by livestock and/or wildlife 
causing decreasing vegetation cover, increasing soil exposure, and 
changing vegetation structure and species composition (e.g. Milton50; 
Milton and Hoffman47; Van Rooyen et al.48,49). Historically disturbed 
areas without intervention would follow a fifth pathway in which there is 
a slow increase in vegetation cover, decreasing exposed soils, and slow 
floral and faunal enrichment. A sixth trajectory accelerates and enhances 
the fifth with ecological restoration (e.g. Milton and Hoffman47). The 
seventh, with no active intervention at newly disturbed sites, leaves the 
area mostly bare, with low vegetation cover, depleted flora and fauna, 
and a state of degradation from which recovery is slow (e.g. Milton and 
Hoffman47). Recovery of vegetation cover and community composition 
at such sites would be quicker with active intervention, giving a final 
pathway.

Factors influencing trajectories of change
The land-use scenarios and the predicted trajectories of change are 
affected by numerous internal and external factors. These include the 
(1) historical, current and changing land use, (2) episodic events, (3) 
vegetation fluctuations, (4) faunal variations, (5) social influences, and 
(6) global change. 

Historical disturbances (Figure 3, driver 1), especially overgrazing, 
ploughing, cropping and damming of rivers, remain visible in the Karoo 
vegetation for centuries (e.g. Milton50; Milton and Hoffman47; Milton et 
al.21). The combination of past and current land uses affects ecosystem 
changes (e.g. Milton50; Van der Merwe et al.8). Episodic events alter 
the physical landscape (Figure 3, driver 2). Exceptional wet periods 
drive vegetation flushes16,51,52 and associated irruptions of animal 
populations and subsequent mass movements of birds53, springbok54, 
hyrax55, locusts56 and rapidly increase the abundance of branchiopods in 
pans38. Flash floods also cause degradation through erosion and affect 
geohydrology.57 Droughts and erosive dust storms can result in massive 
dieback of vegetation and animal populations.56,58 

Exceptionally wet periods promote large-scale recruitment of some 
plant species, with the seed bank and land management determining 
the resulting vegetation.58,59 Similarly, reduced stocking rates allow 
plant species to grow, set seed and germinate, with recruits replacing 
palatable and unpalatable species at different frequencies50,58,59 (Figure 
3, driver 3).

In the Karoo, some faunal species are known for their population 
irruptions and crashes that follow bursts of primary productivity 
after rainfall, a pattern that is characteristic of usually dry areas.16,52 
Populations of hyrax, springbok, rodents and locusts, for example, irrupt 
during favourable conditions and then crash or move as food sources 
become scarce.54-56 These population irruptions and crashes can have 
knock-on effects on predators, such as jackal (Canis mesomelas), 
caracal (Caracal caracal) and Verreaux’s eagles (Aquila verreauxii) 
(Figure 3, driver 4). The amplitude of such population cycles could 
change following the absence of livestock and closure of artificial water 
points.

Social and economic pressures brought about by local, national and 
global factors affect employment and educational opportunities, state 
of health and well-being.20 Additional to these influences, climatic events 
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such as long periods of drought may decrease rangeland condition, 
thereby compromising farming activities. This may lead to large-scale 
unemployment, with people moving to the surrounding villages, thereby 
placing additional pressure on natural resources such as fuelwood, 
wildlife and medicinal plants (Figure 3, driver 5). At a higher level, global 
change due to increasing CO2 levels, temperatures, frequency and 
intensity of droughts or cold spells, and shifting seasons also has local 
effects (Figure 3, driver 6). These changes are not controlled at a local or 
national level, but knowledge of responses at these levels is necessary 
to inform adaptions and mitigation measures to continue working and 
living in the region.

Development of an environmental research 
platform at the SKA
For long-term observation to contribute to improved understanding, 
surveillance of relevant drivers and appropriate response variables is 
essential. Future potential change is also more confidently addressed 
when there is a clearer understanding of historical change. To attain this 
aim, SAEON will monitor climate at a series of distributed sites at SKA 
using weather stations and other instrumentation, deployed according to 
regulations concerning radio frequency interference. A primary use of 
the weather data will be an effort to distinguish natural climatic variability 
from global increases. Climate monitoring is fundamental to interpret 
data of the abiotic and biotic environment at SKA and the adjacent 
farmland.

Vegetation can be monitored by establishing and surveying permanent 
plots at SKA and on adjacent farmland at different scales across vegetation 
units, land types and landforms60, and ensuring data collection methods 
are constant through time61. This design will contribute to a landscape-
scale (sensu Sparrow et al.60) network of study plots across different 
climatic zones in South Africa and enhance continental and global 
comparisons62. Similar methodology was developed for surveillance 
of Australian rangelands as part of the Australian Terrestrial Ecosystem 
Research Network.62

Responses to land use and the change in land use will be investigated 
by monitoring the impact of grazers (livestock and wildlife) on vegetation 
change, enhanced by studying the effect of variable stocking rates on 
animal types and distributions of individual animals. Biodiversity will be 
monitored in detail at a range of intensively studied sites and at less-

intensely studied sites by monitoring plant and animal populations, 
community composition and population dynamics over time and across 
environmental gradients within the SKA and on adjacent farmland. In 
addition, ongoing surveillance during regular site visits to conduct 
monitoring is possibly the only means whereby infrequent events and 
their effects on the environment can become better understood.

Hydrological functioning will be investigated in order to better understand 
the hydrology of the Karoo and specifically its functioning in dryland 
pan systems. Prolonged and extreme drought and heat can elevate the 
significance of moisture availability in cooler months, driving fundamental 
changes in plant composition63, for example, counterintuitively favouring 
C3 plants64. This emphasises the need to monitor seasonal shifts in 
rainfall and its effects. Historical shifts in plant community composition 
associated with past droughts could perhaps be detected by analysing 
plant remains in dung. The numerous hyrax middens at SKA represent 
a palaeoenvironmental archive65, which can be actively calibrated with 
current measures of changes in plant community composition driven by 
climate change, drought, and land-use changes.

Global climate change and its influence on ecosystem structure, 
functioning and processes will impact not only the Meerkat National 
Park but also the surrounding sparsely populated agricultural land and 
the economy of the local villages that are vulnerable to environmental 
extremes.66 The environmental dynamics of the area should be studied 
by integrating traditional disciplinary sciences in a transdisciplinary, 
holistic long-term socio-ecological research67 approach.

Desired outcomes of the environmental research 
platform at SKA
Land use and the resulting land-cover changes at SKA present 
unprecedented opportunities for arid lands research. The abrupt removal 
of livestock from a large area of rangeland and gradual system re-
organisation under various land uses and stocking rates allow for the 
investigation of multiple treatments and trajectories of change in biotic 
and abiotic components. The changes can be compared to changes on 
adjacent rangelands still grazed by livestock. Long-term monitoring of 
changes in various components of the most arid ecosystem compared 
with less arid systems should provide insights and understanding of 
the contributions of global climate change superimposed on land-use 
change. 

Figure 3: Conceptual model of future land-use scenarios, predicted trajectories of change and factors that could influence the predicted trajectories.
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